The responsiveness of sensory neurons to muscle metabolites is altered under the 24 conditions of insufficient limb blood supply in some diseases such as peripheral artery disease. 25
INTRODUCTION 46 47
The thin-fiber/group III and IV afferent nerves arising from contracting skeletal muscle 48 contribute to sympathetic nerve activity (SNA) and cardiovascular responses during exercise via 49 a reflex neural mechanism, termed "exercise pressor reflex" (Kaufman et al., 1983; Kaufman et 50 al., 1984a; Kaufman et al., 1984b; Mitchell et al., 1983) . Exercise induces the production of 51 muscles-metabolites, such as ATP, in the activated muscle (Kaufman et al., 1996; Kaufman et 52 al., 2002; Sinoway et al., 2005) . These metabolites are released in the interstitial space of 53 muscles, and stimulate group III and IV muscle afferents, the free endings of which situate in the 54 interstitium (Kaufman et al., 1996; Kaufman et al., 2002; Sinoway et al., 2005) . Metabolite-55 sensitive receptors, including ATP sensitive purinergic P2X, located on the muscle afferent 56 nerves are excited by those muscle by-products (Hanna et al., 2002; Hanna et al., 2004; Hanna et 57 al., 2003; Kindig et al., 2006; Kindig et al., 2007; Li et al., 2002) . Through these actions, 58 cardiovascular nuclei in the brain stem are activated, the sympathetic nervous system is 59 activated, blood pressure (BP) and heart rate (HR) are further increased, and the exercise pressor 60 reflex is evoked (Kaufman et al., 1996; Sinoway et al., 2005) . These reflex mechanisms that 61 process muscle afferent signals via sensory nerve receptors are altered when limb blood supply is 62 insufficient in some cardiovascular diseases (Gao et al., 2007; Sinoway et al., 2005; Smith et al., 63 2006; Tsuchimochi et al., 2010; Xing et al., 2008a) . 64 A restriction of lower limb blood flow is commonly observed in peripheral arterial 65 disease (PAD) (Critchley et al., 2003; Muir, 2009; Ouriel, 2001) . The most common symptom 66 of this disease is intermittent claudication, which frequently occurs during physical activity but is 67 relieved promptly by rest (Rejeski et al., 2008) . When the exercise pressor reflex is activated in 68 patients with PAD, increases in SNA, BP and HR are exaggerated (Baccelli et al., 1999; Bakke 69 et al., 2007) . A rat model of femoral artery ligation has been employed to study PAD in humans 70 (Waters et al., 2004) . A prior study has used this model to demonstrate that the BP response to 71 static muscle contraction is amplified in occluded rats compared with control rats (Tsuchimochi 72 et al., 2010) . 73 ATP is increased in exercising muscle and/or moderately ischemic tissues (Hellsten et al., 74 1998; Li et al., 2003; Mo et al., 2001) . Additionally, injecting α, β-methylene ATP (α, β-me 75 ATP, a receptor agonist to P2X) into the arterial blood supply of hindlimb muscles to stimulate 76 P2X of muscle afferent nerves increases SNA and BP to a greater degree in occluded rats (Liu et 77 al., 2011) . Notably, P2X 3 expression is upregulated in dorsal root ganglion (DRG) neurons 78 innervating the hindlimb muscles with the occluded femoral artery (Liu et al., 2011) . Note that 79 among P2X subtypes, P2X 3 and P2X 2/3 are found predominantly on DRG neurons (Cook et al., 80 1997; Grubb et al., 1999; Lewis et al., 1995; Ueno et al., 1999) , and likely play a key role in 81 regulating sympathetic and cardiovascular responses to stimulation of metabolically sensitive 82 muscle afferent nerves. Nevertheless, the precise mechanisms by which P2X is engaged in the 83 exaggerated SNA and BP responses in rats with the hindlimb ischemia are unclear. Therefore, in 84 this report, whole-cell patch clamp methods were employed to characterize ATP-induced current 85 responses with activation of P2X 3 and P2X 2/3 in DRG neurons of control limbs and limbs whose 86 femoral artery was ligated for 24 hrs. Also, P2X 3 and P2X 2/3 receptors desensitization were 87 examined to study if femoral occlusion likely affects mechanisms of neuronal transmission. In 88 addition, dual immunofluorescence techniques were employed to examine localization of P2X 3 89 within DRG neurons with two different types of fibers: A-and C-fibers (representing 90 mechanically & metabolically sensitive group III/IV, respectively) in control limbs and occluded 91 limb. It should be noted that group III/IV afferent fibers are physiological designations on the 92 basis of conduction velocity, for which there is no availability for their immunohistochemical 93 marker. The hypothesis was that femoral occlusion amplifies amplitude of ATP-induced 94 currents, and increases expression of P2X 3 within DRG neurons of C-fibers. 95
METHODS 96
All animal experimental procedures were approved by the Institutional Animal Care and 97
Use Committee of Pennsylvania State College of Medicine and complied with the National 98
Institutes of Health (NIH) guidelines. 99
Labeling DRG Neurons Innervating Hindlimb Muscle 100
Male Sprague-Dawley rats (4-6 wks old) were anaesthetized by inhalation of an 101 isoflurane-oxygen mixture (2-5% isoflurane in 100% oxygen). The skin was incised and pulled 102 away from underlying muscle tissue, and the fluorescent retrograde tracer DiI (60 mg/ml) was 103 injected into the white portion of the gastrocnemius muscle (Xing et al., 2008a; Xing et al., 104 2008b) . The injection volume of 1 µl was administered, and injection was repeated three times at 105 different locations. The injection needle was left in the muscle for 5-10 min to prevent leakage of 106 tracer. The skin overlying the muscle was then sutured. The animals were returned to their 107 cages for 4-5 days to permit the retrograde tracer to be transported to DRG neurons. At the end 108 of each experiment, the gastrocnemius muscle was dissected, frozen and sectioned to confirm 109 that DiI was located in the white portion of the gastrocnemius muscle. Note that data were 110 included only if injections were located within the white portion of the muscle. 111
Ligation of the Femoral Artery 112
At 24 hrs prior to the recording experiments, the rats that previously received DiI 113 injections were anaesthetized with an isoflurane-oxygen mixture. Then, the femoral artery on one 114 limb was surgically exposed, dissected, and ligated ~3 mm distal to the inguinal ligament as 115 previously described (Liu et al., 2010; Xing et al., 2008a) . The same procedures were performed 116 on the other limb except that a suture was placed below the femoral artery but was not tied; this 117 served as the control. 118
Examination of DRG Neurons Responsiveness 119
The rats were anesthetized with an isoflurane oxygen mixture followed by cervical 120 dislocation and decapitation. The L4-6 DRGs were quickly removed and transferred immediately 121 into Dulbecco's modified Eagle's Medium (DMEM). The DRGs were minced, and the ganglion 122 fragments were processed to obtain dissociated DRG neurons as described previously (Xing et 123 al., 2008a; Xing et al., 2008b) . The cell suspension was centrifuged to remove the supernatant, 124 and the cell pellet was resuspended in DMEM. The cells were then plated onto a 35-mm culture 125 dish containing precoated coverslips. 126
Next, patch recordings were performed within 6 hrs after dissociation (Xing et al., 2008a; 127 Xing et al., 2008b) . Neurons were first visualized using a combination of epifluorescent 128 illumination and differential interference contrast (DIC, 20-40X) optics on an inverted 129 microscope (Nikon TE2000). Under DIC, images of Dil-positive neurons were displayed on a 130 video monitor. Neurons were patched in the whole-cell configuration and recorded at a holding 131 potential of -70 mV using a MultiClamp 700B amplifier. Seals (1-10 GΩ) between the glass 132 electrode (2-5 MΩ resistance) and the cell were established in a modified Tyrode solution (Xing 133 et al., 2008a; Xing et al., 2008b) . After the whole-cell configuration was established, the cell 134 membrane capacitance and series resistance were electronically compensated. All experiments 135 were then conducted. Signals were acquired using the pClamp 9.0 software and experimental 136 data were analyzed using the Clampfit software program. Neurons were considered ATP-137 sensitive if α, β-me ATP solution elicited an inward current of > 50pA in peak amplitude. 138
Drugs stored in stock solutions were diluted in extracellular solution immediately before 139 being used and were held in a series of independent syringes connected to corresponding fused 140 silica columns (inner diameter 200 µm) (Xing et al., 2008a; Xing et al., 2008b) . The ends of the 141 parallel columns were connected to a common silica column. The distance from the column 142 mouth to the examined cell was 100 µm. Cells in the recording chamber were continuously 143 bathed in Tyrode solution. The gravity-fed solutions containing each drug were delivered to the 144 cells by controlling the corresponding valve switch (WP Instruments). 145
A total of 124 DRG neurons for control and 153 DRG neurons for 24 hrs of femoral 146 artery ligation were included in this study. All DRG neurons used in this report were positive. Diameters of all neurons recorded were < 40 µm (small and medium size). 148
Immunohistochemistry 149
The rats were anesthetized with an isoflurane-oxygen mixture and then transcardially 150 perfused with 200 ml of ice-cold saline containing 1,000 units heparin followed by 500 ml of 4% 151 fresh prepared, ice-cold paraformaldehyde in phosphate-buffered saline (PBS, pH 7.4). L4-6 152 DRGs of control and occluded limbs were immediately dissected out and immersed in the same 153 fixative at 4 °C for 2 hrs. The tissues were then stored in PBS containing 30% sucrose 154 overnight, and a cryostat was used to obtain DRG sections (10 µm). 155 DRG sections on slides were fixed in 4% paraformaldehyde in PBS for 10 min at room 156 temperature. After being washed with PBS, the tissue was permeabilized, blocked in 0.3% Triton 157 X-100 in PBS supplemented with 5% goat serum for 1 hr, and then incubated with the rabbit 158 polyclonal anti-P2X 3 (1:100, Neruomics) primary antibody overnight at 4 °C. After being 159 washed in PBS, the sections were incubated with the goat anti-rabbit fluorescein isothiocyanate 160 (FITC)-labeled secondary antibody (1: 200, Invitrogen Molecular Probes) for 2-hrs at room 161 temperature. 162
To examine P2X 3 localization within C-and A-fiber DRG neurons, sections were 163 incubated with the second primary antibody (mouse anti-peripherin at 1:200, Sigma; or anti-164 NF200 at 1:200 Abcam) overnight. Peripherin and NF200 are used to label neurons with C-and 165 A-fibers, respectively. Then, the sections were washed in PBS and incubated for 2 hrs at room 166 temperature with a secondary antibody (Alexa Fluor-594 conjugated goat anti-mouse IgG, 167 dilution: 1:200). After that, the sections were washed in PBS, and coverslipped. 168 FITC-and Alexa Fluor-594-labeled DRG neurons were examined using a Nikon Eclipse 169 80i microscope with appropriate filters, and the images were stored digitally on a computer. As 170 described previously (Liu et al., 2010) , at least five sections containing L4-6 DRGs per rat were 171 randomly chosen, coded, and examined for FITC and Alexa Fluor-594 staining intensity in a 172 blinded fashion. A threshold value of staining intensity was set according to the mean staining 173 intensity of background using the Nikon Nis-Elements software. Cells with labeling > 1.75 times 174 background intensity were considered positive. The number of total P2X 3 and peripherin/NF200-175 positive neurons was counted in each section. Percentages of double (FITC and 176 peripherin/NF200)-labeled neurons were calculated: total number of double-labeled cells × 100 / 177 total number of peripherin/NF200 positive cells. The majority of DRG neurons showed a clear 178 nucleus and perimeter and they were counted. To minimize the possibility of counting a single 179 neuron more than once, DRG sections were collected on 5 glass slides in series, and only one of 180 slides was assessed for immunocytochemical analysis. 181
Statistical Analysis 182
Experimental data were analyzed using two-way repeated measures analysis of variance 183 (ANOVA). As appropriate, Tukey's post hoc tests were used. All values were presented as 184 mean ± SEM. For all analyses, differences were considered significant at P < 0.05. All 185 statistical analyses were performed using SPSS for Windows version 15.0. 186
RESULTS

187
Characteristics of P2X Currents in DRG Neurons 188
Three distinct types of inward currents were elicited when 30 µM of α, β-me ATP was 189 applied onto DRG neurons (Fig. 1A) . The first type was a transient current which had a short rise 190 time and a rapid inactivating rate (Fig. 1A, top) . The rise times (T r ) of transient currents were 6.4 191 ± 0.8 ms, n=30 in control and 6.2 ± 0.7 ms, n=52 in occlusion, P > 0.05 vs. control (shown in 192 Table 1 ). The decay kinetics of the transient currents was best fitted with a sum of two 193 exponentials with two different decay times, τ 1d and τ 2d . τ 1d was 42.3 ± 5.4 ms in control and 194
40.2 ± 6.1 ms in occlusion (P > 0.05 vs. control). τ 2d was 298.2 ± 69.0 ms in control and 326.1 ± 195 77.3 ms in occlusion (P > 0.05 vs. control). The second type was a sustained inward current that 196 reached a peak slowly and desensitized slowly (Fig. 1A , middle). Rise times of sustained 197 currents were 68.6 ± 8.5 ms, n=29 in control and 71.7 ± 10.0 ms, n=41 in occlusion, P > 0. 05 vs. 198 control (shown in Table 1 ). Single exponential curve fitting was applied to the inactivation phase 199 of the sustained currents with mono-exponential decay time, τ d . τ d was 2582.7 ± 374.6 ms in 200 control and 2791.0 ± 478.3 ms in occlusion (P > 0.05 vs. control). The third type of response 201 showed a mixed current which exhibited a fast response followed by a steady-state response 202 (Fig. 1A, bottom Steady-state of mixed currents are 270.0 ± 31.8 pA in control, n=34 vs. 380.9 ± 41.1 pA in 215 occlusion, n=46 (P < 0.05 vs. control); Sustained currents are 1106.9 ± 177.6 pA in control, 216 n=29 vs. 1685.5 ± 206.5 pA in occlusion, n=41 (P < 0.05 vs. control). 217
Overall, % of the total number of DRG neurons responsive to α, β-me ATP was 75.0% in 218 control limbs and 91.2% in occluded limbs. Specifically, % of DRG neurons with transient 219 currents responding to α, β-me ATP was significantly larger in ligated limbs (34.4 ± 3.8%) than 220 that in control limbs (24.4 ± 4.2%, P < 0.05 vs. control, shown in Fig. 2A) . However, as shown 221 in Fig. 2A , there were no significant differences between control and occlusion groups in % of 222 DRG neurons with mixed (27.3 ± 4.9% in control to 30.0 ± 4.0% in occlusion, P > 0.05 vs. 223 control) and sustained currents (23.3 ± 4.2% in control to 26.8 ± 4.5% in occlusion, P > 0.05 vs. 224 control) in response to α, β-me ATP. 225
In addition, diameters of DRG neurons innervating muscle responding to α, β-me ATP 226 with different types of currents were examined in control limbs and limbs with femoral occlusion 227 (Fig. 2B) . Overall, no differences were seen in average diameter of DRG neurons that responded 228 to α, β-me ATP with fast, mixed or sustained currents between control and occlusion groups. 229
Averaged data further showed mean diameters of cells with fast-inactivating currents were much 230 smaller than that with sustained currents (in control: 25.3 ± 2.2 µm with transient currents, n=30 231 to 32.2 ± 2.8 µm with sustained currents, n=29, P < 0.05 vs. transient; in occlusion: 25.6 ± 2.2 232 µm with transient currents, n=52 to 32.1 ± 2.2 µm with sustained currents, n=41, P < 0.05 vs. 233 transient). There were no significant differences of cell size of DRG neurons between the groups 234 with transient currents and with mixed currents (in control: 25.3 ± 2.2 µm with transient currents, 235 n=30 to 28.9 ± 2.5 µm with mixed currents, n=34, P > 0.05 vs. transient; in occlusion: 25.6 ± 2.2 236 µm with transient currents, n=52 to 29.3 ± 2.0 µm with mixed currents, n=46, P > 0.05 vs. 237 transient). Likewise, no significant differences were observed in cell size of DRG neurons 238 between the groups with mixed currents and with sustained currents (in control: 28.9 ± 2.5 µm 239 with mixed currents, n=34 to 32.2 ± 2.8 µm with sustained currents, n=29, P > 0.05 vs. mixed 240 currents; in occlusion: 29.3 ± 2.0 µm with mixed currents, n=46 to 32.1 ± 2.2 µm with sustained 241 currents, n=41, P > 0.05 vs. mixed currents). 242
Moreover, desensitization of ATP-induced currents in DRG neurons innervating muscle 243 was examined (Fig. 3) . Original traces obtained from DRG neurons of control group were 244 presented to show characteristics of three types of currents activated by the application of α, β-245 me ATP at different time intervals (Fig. 3 A, C&E) . Also, representative traces and averaged 246 data from control limbs and occluded limbs showed that transient current desensitized rapidly 247 (Fig. 3A&B) . Small or no second responses were observed when α, β-me ATP was re-applied 248 within 1 min following the first one. The original peak amplitude would be restored only at the 249 intervals longer than 4 min between consecutive α, β-me ATP applications. Unlike the transient 250 responses, the sustained current recovered relatively quickly and it could be evoked repeatedly 251 and reached its original amplitude at 1 min intervals (Fig. 3C&D) . In the neurons exhibiting 252 mixed responses, the peak component returned to its original amplitude 4 min after the first 253 application of α, β-me ATP which was similar to the transient response (Fig. 3E&F) . The steady-254 state component of mixed currents demonstrated the similar behavior as pure sustained currents 255 (Fig. 3E&F ). As shown in Fig. 3B , D&F, 24 hrs of arterial occlusion did not change the 256 desensitizing properties of the currents elicited by α, β-me ATP. 257
Immunolabeling of P2X 3 within DRG Neurons with C-and A-Fibers 258
In this experiment, we further determined if P2X 3 exists within DRG neurons that project 259 C-and A-fiber afferents. Dual immunofluorescence techniques were used to examine co-260 localization of fluorescent P2X 3 and peripherin/NF200 immunoreactivity in DRG neurons from 261 control limbs and occluded limbs (Figs. 4&5) . The appearance of P2X 3 and peripherin/NF200 262 within DRG neurons is characterized by fluorescent green and red color, respectively (Figs.  263   4&5) . 264
The photomicrographs show that P2X 3 staining appears in C-fibers of DRG neurons in 265 both control and occlusion groups, but very few P2X 3 staining can be found in A-fibers of DRG 266 neurons in both groups (Figs. 4&5) . A large proportion of DRG neurons with C-fiber were P2X 3 267
positive. Figure 4 further shows that more C-fiber neurons containing P2X 3 were found in an 268 occluded limb (bottom panel) compared with a control limb (top panel). The percentage of 269 double-labeled neurons with P2X 3 and peripherin was significantly greater in occluded limbs 270 than in controls. They were 32 ± 2 % in the controls (n=5), and 50 ± 3 % (P < 0.05 vs. control) 271 in the ligation group (n=5). Figure 5 demonstrates that few A-fiber of DRG neurons include 272 P2X 3 staining in both control and ligation groups. The percentage of double-labeled neurons 273 with P2X 3 and NF200 was similar in both experimental groups. They were approximately 1 % 274 in controls (n=6) and in the ligation group (n=6, P > 0.05 vs. control). There was no significant 275 difference in number of peripherin-and NF200-positve DRG neurons between two experimental 276 groups. 277
The P2X receptors in DRG neurons are predominantly P2X 3 -containing oligomers of 279 homomers (P2X 3 ) or heteromers (P2X 2/3 ). In general, stimulation of P2X 3 produces a rapidly 280 desensitizing transient response while activation of P2X 2/3 produces a relatively persistent 281 response (Lewis et al., 1995) . The response to ATP in a single DRG neuron is either one or a 282 mixture of these response types depending on the complement of receptors that are presented in 283 the cell (Cook et al., 1997; Grubb et al., 1999; Lewis et al., 1995) . In addition, a prior study 284 suggests that small diameter DRG neurons express P2X 3 receptors while medium diameter 285 neurons express P2X 2/3 receptors (Ueno et al., 1999) . Overall, the data of this study demonstrate 286 that in DRG neurons with nerve endings in the hindlimb muscles, P2X 3 and P2X 2/3 receptors 287 represent the majority of currents elicited by ATP, which is in a range that is relevant to 288 exercising muscle and/or hindlimb ischemia (Light et al., 2008) . Additionally, a greater current 289 response with activation of P2X 3 and P2X 2/3 is observed as the arterial blood supply to the 290 hindlimb is deficient under ischemic conditions. Note that the size of DRG neurons that have 291 P2X 3 currents is typically small and the size of DRG neurons that have P2X 2/3 is medium. 292 However, the size distribution is similar in control and occluded limbs. Also, the percentage of 293 DRG neurons with P2X 3 transient currents is greater after arterial occlusion compared with 294 control. Nevertheless, a rapid desensitization observed in DRG neurons with transient currents is 295 not altered by arterial occlusion. The results of immunohistochemical experiments further 296 suggest that P2X 3 appears in C-fibers of DRG neurons and barely is observed in A-fibers of 297 DRG neurons, and that femoral artery occlusion largely increases expression of P2X 3 in DRG 298
neurons that project C-fiber afferents. 299
Previous studies suggest that the glycolytic muscle plays a major role in reflex muscle 300 responses evoked by static contraction (Wilson et al., 1995) . Furthermore, a prior study using 301 electrophysiological methods has demonstrated that DRG neurons with nerve endings in the 302 white portion of the gastrocnemius muscle develop greater inward current responses to metabolic 303 stimulation (Xing et al., 2008b) . Therefore, in the current report, ATP-induced currents were 304 recorded on rat DRG neurons innervating the white portion of the gastrocnemius muscles 305 identified by retrograde labeling with the fluorescent dye DiI. 306
Muscle ATP concentrations increase from ~0.3 μM at rest to ~5 μM with contraction 307 (Hellsten et al., 1998; Li et al., 2003; Li et al., 2005; Mo et al., 2001) . In the previous studies (Li 308 et al., 2003; Li et al., 2005) , microdialysis methods were employed and ATP concentrations in 309 dialysate were reported. The recovery rate of ~25% to 30% for microdialysis probes should be 310 taken into consideration. Thus, the actual concentration of ATP during muscle contraction is 311 about 17-20 μM (estimated as ~5 μM/25-30% of recovery rate). In addition, 10 -500 μM of α,β-312 me ATP injected into the arterial blood supply of the hindlimb muscles increases discharge of 313 the muscle afferents and increases blood pressure (Hanna et al., 2002; Hanna et al., 2004; Li et 314 al., 2002) . Note that these any compounds (i.e. α,β-me ATP) are partly metabolized as they are 315 injected the tissues. According to those data, in the current report, 30 μM of α,β-me ATP was 316 used to evoke P2X currents in the DRG neurons. The similar dosages of α,β-me ATP have also 317 been reported to effectively induce P2X currents in sensory neurons (Ma et al., 2005; Xu et al., 318 2002) . 319
A number of prior studies have suggested that ATP plays an important role in mediating 320 the exercise pressor reflex (Gao et al., 2007; Hanna et al., 2002; Hanna et al., 2004; Hanna et al., 321 2003; Li et al., 2002) . First, static contraction increases the levels of interstitial ATP in the 322 hindlimb muscles, and the increases of ATP are linearly related to muscle tension produced 323 during contraction (Li et al., 2003) . Second, α, β-me ATP, a P2X receptor agonist, injected into 324 the arterial blood supply of hindlimb muscles reflexively increases BP via its stimulation of 325 metabolically sensitive muscle afferents in anesthetized cats (Hanna et al., 2002; Hanna et al., 326 2004; Li et al., 2002) . Third, blocking P2X receptors attenuates discharge of Group IV afferent 327 fibers and BP response during static muscle contraction (Hanna et al., 2004; Hanna et al., 2003; 328 Kindig et al., 2006; Kindig et al., 2007) . In a recent study (McCord et al., 2010) , blocking P2X 3 329 and P2X 2/3 receptors by injecting A-317491 and RO-3, two structurally different P2X 3 and 330 P2X 2/3 receptor antagonists, into the arterial circulation of the muscles showed that the pressor 331 response to arterial injection of α, β-me ATP was significantly attenuated. This prior study 332 further demonstrated that the pressor response to post-contraction circulatory occlusion, a 333 stimulus of metaboreceptors, is attenuated after blocking of P2X 3 and P2X 2/3 , which suggests 334 that P2X 3 and P2X 2/3 receptors contribute to the metabolic component of the exercise pressor 335
reflex. 336
Recent studies have examined the mechanisms responsible for augmented SNA and BP 337 responses during the exercise pressor reflex in PAD (Liu et al., 2011; Lu et al., 2012; Xing et al., 338 2008a; Xing et al., 2009) . When α, β-me ATP is injected into the arterial blood supply of 339 hindlimb muscles to stimulate P2X of muscle afferent nerves, SNA and BP are increased to a 340 greater degree in occluded rats (Liu et al., 2011) . Also, P2X 3 expression is upregulated in DRG 341 neurons innervating the hindlimb muscles with the occluded femoral artery (Liu et al., 2011) . 342
Altogether, the data suggest that P2X plays a role in regulating abnormal sympathetic and 343 pressor responses to static exercise observed in PAD. However, precise subtypes of P2X and 344 receptor characteristics to play a functional role in engagement of occlusion-enhanced the reflex 345 responses were not specifically determined in the prior studies. 346
Given that DRG cells are the primary sensory projections to group III and IV fibers 347 afferent nerves, expression and characteristics of sensory receptors (i.e. P2X 3 ) in DRG neurons 348 are generally examined to study receptor physiology (Cook et al., 1997; Grubb et al., 1999; 349 Lewis et al., 1995) . The receptors in question are found in both the peripheral terminals and cell 350 bodies of sensory DRG neurons. Receptor activity and characteristics of the DRG cell body 351 have been used to reflect activity and characteristics of the receptors located at the nerve endings 352 (Cook et al., 1997; Grubb et al., 1999; Lewis et al., 1995) . 353
In the present study, DiI was injected into the hindlimb muscles in order to label the DRG 354 neurons that innervate control and occluded muscles, and the results of the patch clamp 355 experiments demonstrated that DiI-labeled DRG neurons with P2X 3 currents are small, and DRG 356 neurons with P2X 2/3 currents are medium in size. In addition, immunocytochemistry has shown 357 that P2X 3 immunolabeling appears in DRG neurons of C-fibers. Importantly, femoral occlusion 358 largely amplifies current responses with stimulation of P2X 3 and P2X 2/3 and increases receptor 359 expression in small to medium size neurons, specifically in DRG neurons that project C-fibers, 360 which are considered to be engaged in the muscle metaboreflex (Kaufman et al., 1983; Kaufman 361 et al., 1984b) . Thus, data of the current study are presented for the first time to suggest that 362 femoral artery occlusion augments both P2X 3 and P2X 2/3 activities and thereby leads to the 363 exaggerated exercise pressor reflex via stimulation of metabolically sensitive C-fiber muscle 364 afferent nerves. 365
A prior study demonstrate that the levels of extracellular ATP are increased in ischemic 366 tissues (Borst et al., 1991) . Increased ATP is likely to upregulate P2X and thereby augments 367 receptor activity. Thus, additional investigations need to be performed to examine interstitial 368 ATP of the hindlimb muscles at different time points following femoral occlusion to clarify the 369 effects of ATP. It is speculated that following femoral occlusion the concentration of ATP is 370 elevated in the muscle interstitium of occluded limb, and this increases expression of P2X 371 engaged in augmented SNA and BP. A precise mechanism responsible for P2X upregulation in 372 occluded limbs still needs to be determined. 373
Nevertheless, a prior study has demonstrated that infusion of NGF into the hindlimb 374 muscle of rats increases expression of P2X 3 in DRG neurons as well as pressor response induced 375 by stimulation of P2X 3 (Liu et al., 2011) . Likewise, NGF antibody injected into the hindlimb 376 muscles attenuated P2X 3 -induced pressor response (Liu et al., 2011) . These findings suggest that 377 NGF has a regulatory effect on expression and function of afferent nerves' P2X 3 , and then P2X 3 378 plays an important role in augmented sympathetic responsiveness via a reflex pathway when 379 blood supply to the hindlimb muscles is insufficient as seen in PAD. The results of this prior 380 study are consistent with the recent findings (Lu et al., 2012) , suggesting the role played by NGF 381 in the exercise pressor reflex after femoral occlusion. In this study (Lu et al., 2012) , femoral 382 occlusion augmented BP response to static muscle contraction in rats and to stimulation of 383 chemically sensitive muscle afferent nerves by lactic acid injected into arterial blood supply of 384 the hindlimb muscles. Moreover, a prior administration of the NGF antibody can effectively 385 neutralize occlusion-increased NGF in DRG neurons and significantly attenuate the reflex 386 pressor response to muscle contraction and lactic acid (Lu et al., 2012) . 387
In general, receptor desensitization essentially contributes to the modulation of 388 neurotransmitter action (Jones et al., 1996) . For example, some P2X receptors are calcium 389 permeable ion channels and P2X desensitization can prevent excess intracellular calcium influx 390 (Surprenant et al., 1995) , which likely result in neurotoxicity. In the results of the current study, 391 a rapid desensitization was observed in muscle DRG neurons with activation of P2X 3 receptors 392 and femoral artery occlusion did not largely affect the desensitization. Given that P2X 3 receptor 393 desensitization appears to be a functionally relevant neuronal transmission, it is unlikely that the 394 mechanisms for the regulation of muscle afferent signaling during the exercise pressor reflex are 395 significantly altered via P2X 3 after femoral occlusion. However, amplitudes of P2X 3 current 396 responses in engagement of the reflex are amplified under the conditions of hindlimb vascular 397 insufficiency. 398
In conclusion, results of the present study for the first time demonstrate that DRG 399 response to P2X 3 and/or P2X 2/3 stimulation(s) is augmented following femoral artery ligation, 400
and that amplified responses are especially affected in small/medium diameter of DRG neurons 401 innervating the hindlimb muscles. Additional data suggest that femoral occlusion increases 402 P2X 3 expression within DRG neurons of C-fiber afferents. Taken together, the results of the 403 present study suggest that among P2X subtypes, P2X 3 and P2X 2/3 play a major role in augmented 404 sympathetic responsiveness during activation of the exercise pressor reflex via thin-fiber afferent 405 nerves when hindlimb blood supply is insufficient, as observed in PAD. 406
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This study was supported by NIH R01 HL090720, American Heart Association 409 show mean diameters of cells with fast-inactivating currents were significantly smaller than that 584 with sustained currents in both control and occlusion groups. * P< 0.05, transient vs. sustained 585 currents for both control and occlusion groups. There were no significant differences of cell size 586 of DRG neurons between the groups with transient currents and mixed currents (P=0.48 in 587 control; and P=0.23 in occlusion), and between the groups with mixed currents and sustained 588 currents (P=0.58 in control; and P=0.57 in occlusion). No differences were observed for the 589 average size of DRG neurons that responded to α, β-me ATP with fast, mixed or sustained 590 currents between both control and occlusion groups. 591 
